Cenotes are permanent aquatic systems formed by geomorphologic processes (karst), located in the Yucatán Peninsula. Many of these oligotrophic systems are connected superficially to wetlands during the wet season. We describe the fish community structure in 4 cenotes during the rainy and dry seasons over a 4-year period and relate it to limnetic dynamics in each cenote. We sampled cenotes to describe morphology, water physicochemical characteristics, primary production, and invertebrates and fish abundance and richness. We did not find differences in physicochemical variables between seasons but we did find differences among years and among cenotes. We found 11 fish species (25% of the total richness reported for the Biosphere Reserve of Sian Ka´an) from 5 families: Cichlidae, Poeciliidae, Characidae, Pimelodidae and Synbranchidae. We noted little seasonal or inter-annual variation of fish species richness. But there were higher differences of fish species richness and abundances among cenotes. Fish community structure was correlated with temperature, transparency, pH, dissolved oxygen, chlorophyll a, periphyton and zooplankton abundance. Results showed that physicochemical variables and fish community structure are not affected by seasonal hydrology dynamics, suggesting that cenotes are stable aquatic systems compared to the surrounding wetlands. Other limnetic factors such as cenote morphology are also related to fish community structure.
Introduction
Cenotes are the most abundant permanent aquatic systems in the Yucatán Peninsula, Mexico. Cenotes are systems formed by geomorphological processes (karst).
Subterranean rivers slowly dilute the limestone formed by CaCO 3 in particular areas, until the roof collapses, generating a new lake (Perry et al., 1995; Steinich, 1996) . Carbonates are captured and cause precipitation of phosphorous diluted in the water column to the sediment. This process produces a lack of nutrients for phytoplankton, making cenotes oligotrophic. Cenotes can have different sizes and external morphologies. Many of them are bucket-shaped, and have vertical limestone walls without shore areas (Schmitter-Soto et al., 2002) . Other cenotes have shapes resembling a typical deep lake with a shore area, allowing primary producers to establish on the perimeter in shallow areas (Schmitter-Soto et al., 2002) .
Cenotes are located from the central region to the coastal area of the Yucatán Peninsula, many of them on the western Caribbean wetlands. This area is characterized by periodic drying and flooding events (Collinson et al., 1995; Schwartz and Jenkins, 2000) , which can cause extensive mortality of fish in the dry season (Loftus and Kushlan, 1987; Trexler et al., 2005) , but in wet seasons the expansion of the aquatic habitat can create new habitats for fish survivors (Galacatos et al., 2004) .
Seasonal changes in wetland hydrology are related to the fish community structure (Escalera-Vázquez and Zambrano, 2010) . The most abundant fish in the Reserve are Poeciliids (e.g., Gambusia sp., Poecilia sp., and Xiphophorus maculatus) and Cichlids (e.g., Cichlasoma friedrichsthalii and C. octofasciatum). Other species are abundant, such as the Caracid (Astyanax aeneus) and 2 of the top predators in terms of biomass, Pimelodid (Rhamdia guatemalensis) and the Synbranchid (Ophisternon aenigmaticum). All of these species can survive in highly variable environments, and some of them (i.e., most of the poeciliids) are primary consumers with the capacity to invade new aquatic systems during the early rainy season. All of these factors create a dynamic fish community highly related to changes on environmental factors (i.e. temperature, depth, pH and macrophytes coverage) during the wet and dry seasons (Escalera-Vázquez and Zambrano, 2010) .
Unlike wetlands, cenotes seem to be more hydrologically stable, with low water level fluctuations between wet and dry seasons, and they never become dry (Schmitter-Soto et al., 2002) . Changes in fish community structure related to environmental variables have been mentioned in the aquatic literature, regarding seasonal aquatic habitats. However, little attention has been given to stable aquatic systems, regarding the factors structuring fish communities in these habitats.
Therefore, the fish community structure in stable aquatic habitats (such as cenotes) can be highly related to morphological variables such as the shore slope and the composition of the walls of aquatic systems, which normally are not considered in these studies. These variables have a direct influence on the water column in abiotic factor such as temperature, pH, turbidity, and dissolved oxygen. In addition, the shore slope influences habitat complexity for fishes (Willis et al., 2005) .
The morphology also affects the survival capacities of primary producers. The presence of the primary producers is capable of modifying the food web structure (Cohen, 1989) . Macrophytes are not only a source for zooplankton, snails and aquatic insects, but also refuge providers for animals, including fish (Grenouillet et al., 2001; Grenouillet et al., 2002) . The phytoplankton plays a central role in the pelagic food chain, which has been described in theories involving dynamics controlled by bottom-up or top-down processes (Lampert and Sommer, 1997; Currie et al., 1999) . These dynamics suggest that algae can be the central driving force of processes in fish community structure. The morphological contrasts between cenotes can help us to understand differences in fish community structure. These systems are within the same area that is constantly inundated in rainy seasons. Therefore, all fish species from a particular region are capable of colonizing all the aquatic systems (Bedoya, 2005) .
Morphologically, cenotes are shaped by geological processes (Perry et al., 1995; Steinich, 1996) , combining mechanisms spanning thousands of years, starting with the formation of a cave by CaCO 3 dissolution from a subterranean river. The roof collapses due to the constant dissolution of CaCO 3 , generating a cenote with no shore area. After continuous sediment infilling from the surroundings, the cenote shape becomes more similar to a typical lake (Perry et al., 1995; Stoessell et al., 1993; Steinich, 1996) . Consequently, cenotes may have similar size but have different shapes and contrasting morphologies, a characteristic which depends on the age of the cenote (Perry et al., 1995; Steinich, 1996) . Also, fish community structure in wetlands is also influenced to inter-annual variation, caused by meteorological process such as hurricane periodicity or extremely long rainy periods. It is possible that these large-scale processes have also an influence on the fish community structure in cenotes.
The aim of this study is to describe fish community structure in 4 cenotes over a 4 year period, discussing the possible implications of the hydrological stability within and among years in this structure. We will discuss the results of the fish community structure based on the differences in morphology of the cenotes.
Materials and methods
The study was conducted at the Biosphere Reserve of Sian Ka'an (18°54'00" N, 87°24'35" W) and at the Santa María locality (21°06'48.39" N, 87°10'37.32" W) Quintana Roo, Mexico (Fig. 1) , at a maximum elevation of 10 m asl. Annual temperature is 24-28° C, and annual precipitation is 1 300-2 000 mm. We sampled 4 cenotes: Cenote Tres Reyes (TR); Cenote Santa María (SM); Cenote Límite (CL) and Cenote Norte (CN) ( Table 1 ) from 2004 to 2008. Each cenote was visited 3 times per year (except for the years 2004 and 2008, which were sampled only once), covering each rainy (June to November) and dry (January to April) season, during 4 years. Eleven visits were made to each cenote, except in the Santa María cenote with only 9 visits. From a morphological perspective sampled cenotes are characteristic of Sian Ka´an Biosphere Reserve: 2 of the sampled cenotes had a typical lake-shape and had a shore area, and 2 had a typical bucket-shape with vertical walls from the surface to the bottom. Cenotes, which have characteristics such as rocky edges and direct communication with the water table, are considered to be in early stages of formation. Cenotes, formed by the accumulation of organic matter and a reduced communication with the water table, are considered in their final stage (Steinich, 1996) . In this aging process of cenotes, the biotic and abiotic conditions change significantly. Variables, such as nutrient concentration, temperature and macrophytes coverage can change, depending on the presence and length of the shore area. For example, in non-shored cenotes nutrients settle directly to the bottom, out of reach from the primary producers. As a result, the autochthonous energy flow could be smaller than in other tropical systems (Schmitter-Soto et al., 2002) . In shored cenotes, precipitated phosphorous moves to the shallow silt and can be used by periphyton, macroalgae and aquatic plants (Schmitter-Soto et al., 2002) .
Each cenote was morphologically characterized based on methods described by Torres-Orozco and García-Calderón (1995) , using the area (m 2 ), maximum length of the cenote (m), maximum width (m), perimeter (m), maximum depth (m), mean depth (m), shoreline development and volume (m 3 ). Slope shape of the cenote was obtained by calculating the means of 2 perpendicular bathymetric profiles.
In each visit 2 profiles of water column variables (e.g., temperature °C, dissolved oxygen mg l -1 , pH, salinity and turbidity mS cm -1 ) were obtained in situ at each cenote with a multi-parameter sensor (YSI 6600, Yellow Springs, USA). Transparency (m) values were obtained using a Secchi disk. A water sample was obtained from each site per season to determine the nutrient concentrations of the phosphates (using the technique of ascorbic acid reduction), nitrates (using the technique of zinc reduction), ammonium (using Nesslerization) and silica (using molybdate; Apha, 1998) with a field colorimeter (La Motte Smart, Chestertown, USA). Organic material and concentration of CaCO 3 were obtained using the lost matter through ignition method (Bengtsson and Enell, 1986) .
We measured phytoplankton abundance by determining the concentrations of chlorophyll a concentrations in situ at: 1, 3 and 5 meters depth (3 samples per each depth) using the field fluorine meter (Turner Designs Aquafluor). During the same sampling period, the benthic periphyton productivity in the water column was quantified with 5 wooden charts (2 x10 x 10 cm) positioned at each cenote. Two charts were placed in the center of the cenote at depths of one and 3 meters depth, and the third chart was positioned close to the shore edge at a depth of 0.7 m. These charts were checked after 4 months by collecting and weighing the periphyton-wet mass according to the method described in Biggs (2000) . To quantify the surface covered by primary producers (periphyton, macroalgae and aquatic plants), 5 transects were established per cenote over the 2 sampling seasons. Since macrophyte communities did not vary in the first 2 years, we assumed this variable as a constant and did not sample during the following years. These transects were positioned in a radial configuration from the edge to the center of the cenote. The transect size varied depending on the dimensions of each cenote. On each transect, quadrats (1 m 2 ) were used to measure the percent coverage of macrophytes. The number of quadrants per transect varied depending on the cenote dimensions. Plants were identified using Lot et al. (1998) .
At each cenote, we acquired 5 compound samples to determine zooplankton abundance. These samplings were obtained by filtering 12 liters of water with 43 μ mesh size nets of at 3 different depths (1, 3 and 5 m). The samples were fixed with 4% formalin. A subsample of 3 ml was used to count and classify the organisms into rotifers, copepods, cladocerans, ostracods and insects according to Barnes (1996) .
The aquatic insects were sampled over a 3-year sampling period with a spoon net (0.25 mm mesh size), randomly dipping 12 times per cenote for each season in the shore area. The samples were counted and classified to genus using the taxonomic keys of Cranston and Daly (2008) , Courtney and Merritt (2008) , Ferrington et al. (2008) , McCafferty et al. (1997) , Merritt and Webb (2008) , Novelo-Gutiérrez (1997a , 1997b , Polhemus (2008) , Tennessen (2008) , Wallace and Walker (2008) , Waltz and Burian (2008) and White and Roughley (2008) .
On each visit, fish were sampled in both wet and dry seasons. To increase the capture probabilities, 2 types of minnow traps were used: 6 traps (20 x 20 x 40 cm, 5 cm funnel size opening) and 6 traps of 20 cm x 30 cm, 2.5cm funnel size opening. In each cenote, 12 traps were placed in the water for 6-hours and checked every 2 hours. The traps were set in the morning (8-11 am) and in the afternoon (4-7 pm) when fish are more active (personal observation). The traps were placed at 2 depths, 10 cm and 40 to 70 cm, in different areas of the cenote. A pilot study suggested that the fish were more likely to be captured near the shore area; therefore, most of the traps were placed there. However, 25% of the traps were placed in areas close to the center of the cenotes. Other fishing techniques were used, such as gill nets (2.4 m in width x 38 m in length) of different mesh sizes (1, 1.5, 2, 2.5 and 3 inches). Fishhooks were also used. These last 2 techniques represented less than 3.4% of the total number of fish caught and less than 6.1% of the total weight of the fish captured. Based on these proportions these data were excluded from the analyses. All of the sampled fish were preserved in a 10% formalin solution (Schreck and Moyle, 1990) and identified according to Schmitter-Soto (1998) and Greenfield and Thomerson (1997) .
We used multivariate analysis of variance (MANOVA) to test for differences between cenotes and seasonality in terms of physiocochemical (temperature, conductivity, dissolved oxygen, pH, ammonium, nitrate, phosphate, silica and transparency) and biological (chlorophyll a, periphyton productivity, macrophytes, zooplankton, aquatic insects and fish) parameters. We also used pairwise multiple comparisons (Tukey test) to separate cenotes according to these parameters. To ordinate the abiotic data of the cenotes for all of the samples, we used principal component analysis (PCA).
To analyze fish community structure, we normalized all of the relative abundance data using the fourth square root transformation. Non-metric multidimensional scaling (NMDS) was used as an ordination procedure for fish communities, using ranked Bray-Curtis dissimilarity distances. This procedure is not susceptible to problems associated with zero truncation. We used the fish abundance in each cenote to evaluate the percentage contribution of each species to the fish community, and ANOSIM to test differences between fish communities among cenotes, seasons and years (Zar, 1999) .
To understand the relationship between abiotic variables and fish community structure, we correlated the PCA scores with the NMDS axis values. We correlated these axis values for each of the abiotic and biotic variables. In addition, a multiple regression was performed using total fish abundance and species of each sampling from the 4 cenotes with its corresponding biotic and abiotic variables. PCA, NMDS and species contribution analyses were performed with the software Primer 5.2.9 for Windows (Primer-Ltd, Plymouth, UK.). Although the samples were in different months, we clustered these into seasons to generate a time series analysis, which tests trends along sampled years of fish abundance with Statistics 10.
Results
Studied cenotes were small (< 1ha) and their maximum depths were greater than 10 m. They had conductivity values < 3.5 μS/cm and salinity values < 1.5 ppm, suggesting a lack of influence of marine water, which is relatively close to the sampling area. These cenotes were oligotrophic, based on their low concentrations of chlorophyll a (< 3.5 μ/l) and phosphate (< 0.6 ppm) in addition to their transparency values (> 1.9 m). The bottom composition was at least 10% CaCO 3 reaching up to almost 60%, with the rest of the substrate being organic matter (Table 1) . Physicochemical variables did not show any differences between the dry and rainy seasons (MANOVA, Wilks test= 0.743; F= 0.559; p= 0.859), but they did present differences among years for variables: temperature, dissolved oxygen, pH, PO 4 and transparency (MANOVA, Wilks test= 0.0468; F= 3.9872; p< 0.001). There were differences among cenotes in oxygen values, transparency and pH. They did not differ in terms of conductivity and nutrient concentrations. CL and CN were significantly warmer (> 4.5° C) and had larger temperature variations between the surface and the bottom. These tropical cenotes did not present a thermocline, which is different to other similar systems (Gutiérrez et al., 2007) . On the contrary, CTR and CSM presented an oxycline at 5.5 m depth. This oxycline reduced the average oxygen values, which were significantly lower than those of CL and CN. Transparency was significantly higher in cenotes TR and SM (average= 8.2 m) compared to CL and CN (average= 3m), which had higher pH values (average = 8.1) compared to TR and SM (average= 7) ( Table 2) .
Primary producer abundance did not change among seasons. But chlorophyll a concentration was significantly higher in CL and CN. Other primary producers, including periphyton, macroalgae and aquatic plants, covered close to 24.8 and 33% of the total area of CN and CL, while these producers covered 1.5 and 0% of the area in TR and SM cenotes. In CL and CN cenotes, Cladium sp. and Eleocharis sp. were the most abundant, while Nympha sp. and Gibba sp. dominated TR as rooted plants on the walls (Table 2) .
Zooplankton abundance was significantly lower in TR and SM than CL and CN (Table 2 ). In all cenotes, copepods (68.6 to 90.2%) were the most abundant and cladocerans were the second largest group. The aquatic insect abundance was not significantly different among cenotes, but the insect species richness values were significantly higher in CL and CN.
A total of 1 350 fish were caught and classified into 11 species from 5 families (Table 3) . Time series did not show any clear trend in the fish abundance or richness among the 4 years of sampling or between seasons. SM had a greater abundance of fish (37-62%) than the other cenotes (Fig. 2) ; and rarefaction curve analysis showed that species richness was not affected by abundance in all cenotes. CL had 9 species; CN had 8, while SM had 3 species and TR only 2. The predominant fish species differed according to the type of cenote. In TR and SM, dominant fish species were Cichlasoma friedrichsthalii (this abundance reached 76.2% in the TR cenote) and Gambusia Yucatána (the abundance reached 88.4% in the SM cenote). Rhamdia guatemalensis was found exclusively in non-shored cenotes. In cenotes CN and CL Astyanax aeneus and Cichlasoma urophthalmus were dominant fish species, being the first one with Ophisternon aenigmaticum found exclusively in these cenotes. PCA separated cenotes into 2 groups by their biotic and abiotic values (Fig. 3) , explaining 72% of the total variation in the first 3 components (Table 4 ). The first component revealed strong associations with macrophyte coverage, transparency, dissolved oxygen, chlorophyll a and pH. The second component showed strong associations with all of the nutrient concentrations. The third component showed associations with conductivity and the ammonia concentration (Table 4) .
NMDS analyses grouped CL and CN as one group, and TR and SM as another group (Fig. 4) . ANOSIM showed differences among cenotes in terms of species richness (p< 0.001) and fish abundance (p< 0.001). A post-hoc test in species richness revealed differences among all cenotes except for TR and SM (p> 0.01). The post-hoc test on fish abundance showed differences between SM vs. TR and CN (p< 0.01). However, there were no differences between seasons (p> 0.6) and years (p> 0.8). The correlations between the PCA scores and the NMDS axes revealed negative correlations in PCA score 1 (NMDS axis 1: r= -0.64, p= 0.001) and positive correlations in PCA score 1 (NMDS axis 2: r= 0.66, p< 0.05).
The correlations between the abiotic variables and NMDS axis 1 indicated that most important variables were dissolved oxygen (r= 0.60, p< 0.001), transparency (r= -0.58, p< 0.001), chlorophyll a (r= 0.62, p= 0.004), periphyton (r= 0.65, p= 0.003) and aquatic insects abundance (r= 0.743, p= 0.02). Other variables, such as temperature (r= 0.62, p< 0.001), dissolved oxygen (r= 0.59, p< 0.001), pH (r= 0.55, p< 0.001) and zooplankton abundance (r= 0.61, p= 0.012), were correlated to the second axis.
Multiple regression shows positive relationship between fish richness and abiotic variables winch dissolved oxygen (DO), temperature, pH and PO 4 +3 (R²= 0.64). Using an individual analysis of each species showed that only A. aeneus abundance was positively correlated with pH, PO 4 +3 and DO (R²= 0.45).
Discussion
Although cenotes are the most important aquatic system in Yucatán Peninsula, most of their abiotic dynamics and the factors related to fish community structure are poorly understood. This research is a base line to elucidate those drivers that directly affect the fish community structure in oligotrophic small systems. The high influence that allochthonous variables play on cenotes lacking a shore area suggests there are aquatic dynamics in these peculiar systems that remain undiscovered, compared with other systems with shore areas. Results presented in this manuscript raise the necessity of increased ecological research on the region.
The fish species found in these cenotes are widely distributed in the wetlands of the RBSK, pools and other cenotes in the Yucatán Peninsula. Species found in the studied cenotes represent 52% of all of the continental fish species in the Sian Ka´an Reserve (Zambrano et al., 2006) . The small difference on the most abiotic variables across seasons and years suggests that fish which live within these kind of aquatic systems can be related to an equilibrium life history strategy (Southwood, 1977; Townsend and Hildrew, 1994) . Fish species with an equilibrium strategy have parental care and prolonged breeding seasons and live in deeper and more stable habitats, such as slow-flowing ponds, river channels and most lakes (Lamouroux et al., 2002; Vila-Gispert et al., 2002) . This strategy is used by some species of the Cichlidae family (e.g., C. urophtlhalmus, C. friedrichthali and P. splendida) (Greenfield and Thomerson 1997) and other families, such as Pimelodidae (R. guatemalensis) and Symbranchidae (O. aenigmaticum) (Schmitter-Soto, 1998) , which are abundant in the permanent pools of the RBSK (Escalera-Vázquez and Zambrano, 2010) .
Also, the stability on the fish community structure over the 4-year sampling period suggests a low change in the hydrological dynamics and water physicochemical variables in a meteorological highly variable landscape. Rainy and dry periods do not yield measurable impacts on the physiocochemical dynamics on the studied cenotes. Contrary to wetlands, cenotes are not subjected to abrupt changes in the water level (Escalera-Vázquez and Zambrano, 2010) . This difference in hydrological dynamics between 2 types of systems, which are located in a region with the same environmental dynamics can be explained by the karstic soil. This type of soil absorbs the rainwater within few days, provoking a fast change in the level of water table (Gaona-Vizcayano et al., 1980) . In lowlands the water table rises above the surface, generating the temporal wetlands (= 1.5 m depth). In dry season water table retreats, drying out most of the wetlands, with only scattered small permanent pools. Cenotes are deeper systems (> 5 m) than wetlands which are able to buffer any local change in the water table in rainy and dry season (between 0.5 to 1.2 m). Therefore, wetlands and permanent pools are submitted to seasonal hydraulic changes in the 2 periods, changing variables such as temperature and dissolved oxygen concentrations (Escalera-Vázquez and Zambrano, 2010) . On the contrary, our results show that most of the physiocochemical variables in cenotes are relatively constant.
Factors affecting fish community structure in wetlands include temperature, depth, pH and macrophytes coverage (Escalera-Vázquez and Zambrano, 2010) . Some of these variables also affect fish community structure in cenotes such as temperature and pH. It seems that these variables have a strong relation with fish community structure among the entire aquatic system. However, variables in cenotes that affect fish community structure also include dissolved oxygen and phosphorous concentrations. The DO concentration seems to limit fish richness but not their abundance. This finding can be explained by the low capacity of some species to survive in harsh conditions, surviving only species such as R. guatemalensis and G. yucatana. Phosphorus concentrations have a major role in the ecosystem dynamics (see above), influencing fish community structure depending on system productivity.
To understand the fish community structure within a stable system, it is necessary to analyze the lake trophic structure energy and variables such as nutrients concentration and food sources availability (Sterner et al., 1997) . Some of these variables, such as primary production and insect abundance, proved to be highly related to fish community structure. Primary production is related directly to nutrients concentration (Dillon and Rigler, 1974) . The low nutrient concentrations and the N/P ratio (> 12. 3) in all of the cenotes suggests that phosphorous is the limiting resource for the primary producers. Phosphorus enters the system by rock dissolution and by erosion of nearby areas (Beddows et al., 2007) . Most of the phosphorus entering the water column precipitates to the bottom due to the high concentration of CaCO 3 , a transition that is characteristic of these karstic systems (Roldán, 1992) . Phosphorous precipitation has a variety of consequences, depending on the cenote morphology. In deep cenotes with steep walls, phosphorus moves away from the primary producers and precipitates directly to the anoxic and light-limited bottom (Roldán, 1992) . In cenotes with a shore area, the phosphorus precipitates to shallower depths that can be used by periphyton, macroalgaes and aquatic plants. These systems may have higher return rates of phosphorous with a stronger autochthonous energy flow (Schmitter-Soto et al., 2002) .
The low abundance of food in cenotes without a shore, such as TR and SM, increases the proportion of external food sources. In most lakes, aquatic primary producers support a significant part (> 84%) of the heterotrophic production (Jansson et al., 1999) . However, other aquatic systems exist that have higher proportions of allochthonous production supporting the food webs (Cole et al., 1994; Jansson et al., 1999) , such as CL and CN. In previous studies in the region we found similar results (Zambrano et al., 2006) ; fish species richness was significantly higher in cenotes with vegetation and a shore area than cenotes without vegetation and no-shore area.
Allochthonous sources are more important when the aquatic system is small (Mehner et al., 2007 ) , is oligotrophic or/and is surrounded by forests (Hodgson and Hansen, 2005; Hodgson et al., 1993) , as which was the case with these cenotes, particularly for the non-shore ones. Important food sources are terrestrial insects, which form the basis of some aquatic system food webs (Nakano and Murakami, 2001; Sabo and Power, 2002) . A large number of insects live at the cenote edge and are available to fish once they enter the water (pers. observation). Therefore, there are a high proportion of top predators, mainly consuming insects of terrestrial origin and with the typical top predator morphology, such big eyes, big mouth and teeth (Magoulick, 2000) . The major species of fish (i.e., P. splendida, C. urophthalmus, C. friedrichsthalii, O. aenigmaticum, B. belizanus and A. aeneus) are predators (Neil, 1984) , and they comprise 42% to 66.7% of the total species in cenotes. These species can also be predatory toward grazers, such as C. meeki, P. mexicana, G. yucatana and P. orri (Reznick and Miles, 1989) .
Those cenotes with a shore area may have higher autochthons food sources due to the quantity and variety of primary producers that are part of the periphyton, algae and aquatic plants (Schmitter-Soto et al., 2002) . The amount of energy generated from the variety of producers could increase the possibility of having a higher richness of fish top predators as happened in both shore area cenotes.
Results suggest that physicochemical variables and fish community structure are not affected by seasonal hydrology dynamics, as happens in the nearby wetlands. Fish community structure in cenotes did not vary between seasons and had a small variation among years. This is completely different from wetlands that have a highly dynamic fish community structure even within seasons (Escalera-Vázquez and Zambrano, 2010) . However, similar variables influencing wetlands also are related to fish community structure in cenotes such as dissolved oxygen, transparency, chlorophyll a, periphyton and aquatic insect abundance. These variables change with the morphology of cenotes, and therefore the fish community structure seems to be shaped by the presence or absence of shore areas. In cenotes without a shore area the low quantity of food and the lack of spatial heterogeneity seem to explain why these systems have lower fish richness values than those cenotes with a shore area. The capacity of shore plants to establish at the edge of the cenotes increases the habitat heterogeneity for different types of fish to survive, increasing the amount of refuges against predation and providing more food for the community.
These initial results suggest that shore areas increase the fish richness, but more cenotes must be sampled to analyze this relationship.
